, bis(p-trifluorom ethyl-phenyl)diazene (6), phenylisocyanate (7)) are obtained from C o(cyclo-C 5H 8)(P M e3)3 by su b stitu tio n o f the olefin. X -ray crystal structure determ inations o f 1 and 7 show tetra h e d ra l arran g em en ts o f ligands a ro u n d the co b alt atom . By reaction with carbon m onoxide carb o n y l(p h o sp h in e)co b alt(0 ) com plexes are form ed. 7 ca talyses the cyclotrim erization o f phenylisocyanate, while w ith C o C l(P M e3)3 as a catalyst the cyclic dim er o f phenylisocyanate is selectively form ed. A convenient synthesis for C o C l(P M e3)3 is described.
Introduction
Cobalt(O) complexes stabilized by trim ethylphosphine usually bind azobenzene ligands by olefin-type coordination [1] as illustrated also by the structures o f nickel(O) com plexes [2] . A dd itio n al participatio n o f one or two nitrogen lone-pairs in the bonding has been discussed [3] . If b o th lonepairs are included the diazene m ay act as a six-electro n d o n o r ligand as in dinuclear and trinuclear carbonyliron clusters [4] . W ith no stru ctu ral in fo r m ation available o f com pounds C o(azobenzene) (PM e3)2 their com position as com pared w ith th a t o f C o(olefin)(PM e3)3 [1 b] leaves the am biguity o f counting either 15 or 17 electrons in the co b alt valence-shell. Since the cis isom ers o f azobenzenes are transform ed to trans diazene ligands u p o n c o o rd i nation, it was o f interest to learn w hich o f the possible co o rd in atio n geom etries (Schem e I) are adopted for the m -fix e d diazene ligand benzo [c] cinnoline in low -valent cob alt com plexes.
In this contribution we describe syntheses o f some cobalt(O) com pounds co ntaining ^/2-N ,Nazobenzene and -benzo [c] cinnoline, and ^2-C ,N - phenylisocyanate ligands. The literature contains only a few reports on ^-coordinated isocyanate in Ir [5] , Re [6] , R u [7] , and Ni [8] complexes, an d no stru ctu ral d a ta are available. C ertainly the high reactivity o f isocyanates as enhanced and m odified by m etal catalysis [9] accounts for the sparsity o f d a ta on simple coordination com pounds. Investi gation o f stabilization and reactivity o f phenyliso cyanate in cobalt(O) complexes was therefore p a rt o f this study.
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Experimental
General procedures and materials
All air-sensitive and volatile m aterials were h a n dled by sta n d a rd vacuum techniques and kept u n d er argon. M icroanalyses were carried o u t by D ornis & K olbe, M icroanalytical L ab o ratory, D -W -4100 M ülheim . M elting points (m .p.) and decom position tem peratures (dec.) were obtained from sealed capillaries under argon and are u n co r rected. T rim ethylphosphine [10] was prepared from triphenylphosphite and m ethylm agnesium chloride. Benzo [c] cinnoline (Johnson M atthey) and o th er chem icals (M erck-S chuchardt) were used as purchased. Infrared spectra from N ujol m ulls betw een K B r discs were recorded on a Perkin-E lm er Type 397 spectrophotom eter; 'H N M R spectra were obtained on a B ruker W M 300 in stru m ent (300 M H z), where 13C (75.4 M H z) and 3,P (121.5 M H z) were also recorded. Reaction o f 1 with excess carbon m onoxide: A 100 ml flask containing 400 mg 1 (0.86 m m ol) in 20 ml o f ether at -7 0 °C is evacuated, and carb o n m onoxide (1 bar) is adm itted. W hen allowed to w arm to 20 °C, the brow n solution turns red w ith in 2 h. T he volatiles are rem oved in vacuo and the residue is dissolved in 10 ml pentane. Filtering and cooling over dry-ice gives 140 m g o f red cubic crys tals o f C o 2(C O )6(PM e3)2 [11] (74% based on co balt).
Preparations r f-N ,N -B enzo[c]cinnoline-tris( trim ethyl phosphine) cobalt (0 ) (1)
Reaction o f 1 with carbon m onoxide (1:1): A 100 ml flask containing 260 mg 1 (0.56 m m ol) in 30 ml o f pen tan e at -7 0 °C is evacuated, and from a glass am poule 14.8 ml CO (0.60 mm ol) are ad m it ted. A fter w arm ing to 20 C the pressure is equal ized with 1 b ar argon. The system is closed for 3 d and then opened to the vacuum line. The solution is filtered and cooled over dry-ice to give 120 mg orange crystals o f C o2(C O )3(PM e3)5 [12] (37% based on cobalt). 
rj2-N ,N -D i( 4-fluorophenyl) diazene-tris ( trim ethylphosphine) cobalt (0 )
(
Carbonyl( N ,N '-diphenylurea)-tris( trim ethyl phosphine) cobalt (8)
The light brow n solid o btained in the synthesis o f 7 is recrystallized from 20 ml toluene to give o r ange plates. Yield 270 mg (21% based on cobalt), dec. > 1 0 0 °C. Table I ). The structure was solved by direct m ethods (SH ELX S-86) followed by F o u rier and difference F ourier syntheses (SH ELX -76). T he hy drogen positions were not determ ined. R efinem ent converged at R = 0.0874, R w = 0.087. A n em pirical absorption correction was applied using the p ro gram D IFA B S [22] , Fig. 1 contains the ato m n u m bering for 1.
Analysis fo r C 73H
X-ray data collection and structure solution
Complex 7: A red-brow n crystal (from pentane at 5 °C) was sealed into a glass capillary u n der a r gon and m ounted on a N icolet R 3m /V diffrac tom eter. Lattice param eters were refined on 40 centered reflections (M o K a -ra d ia tio n , graphite m onochrom ator) w ith 10 < 2 0 < 4 0°. A to tal o f 5492 intensities with 3 < 2 0 < 5 5°, -1 3 < /z < 13, 0 < / r < 15, 0 < / < 22 were collected. T hree sta n d ard reflections recorded every 400 m easured reflec tions showed only random intensity fluctuations. A fter L p-correction, an em pirical ab so rp tio n c o r rection was applied ((//-scans, m in./m ax. transm is- Table I . T he structure was solved by P atterso n and F o u rier techniques. All non-hydrogen atom s were refined anisotropically by full-m atrix least-squares. Phenyl groups were treated as rigid bodies ( C -C = 1.395, C -H = 0 .96Ä), hydrogen atom s were fixed in calculated positions w ith isotropic displacem ent param eters U iso = 0.08 A 2. M ax. (A I a) = 0.001 and max. height in the final A F m ap was 0.37 e/Ä 3. Scattering factors, stru ctu re solution and refinem ent: S H E L X T L -P L U S (N icolet 1988). Fig. 2 gives the atom num bering and im p o rtan t bond distances and angles for 7. A t low co n cen tratio n s 1 (1% in toluene glass at 4.2 K ) shows an E SR signal (Fig. 3) w ith a typical p a tte rn o f lines, b u t spectra o f 2 -6 are less well resolved. Hyperfine coupling to a 59C o nucleus (I = 7/2) b u t not to 31P or l4N nuclei is found w hich is consistent w ith the u npaired electron residing in a m etal 3d orbital as in 17-electron (olefin)cobalt(O) com plexes [ l b , 23] . Spin-pairing in a dicobalt com pound containing ^-b rid g in g diazene ligands could be envisaged, but is n o t found experim entally.
Results and Discussion
D ia ze n e c o m p o u n d s
C arb o n m onoxide liberates diazene p rio r to phosphine ligands. F o rm a tio n o f carb o n y lcobalt com pounds C o2(C O )"(PM e3)8_" depends on the di azene ligand and on the supply o f CO. In a 1:1 reaction w ith carb o n m onoxide 1 is tran sform ed w ith a stoichiom etry w ith n = 3, while excess re sults in a com position w ith n = 6. U n d er 1 b a r CO w ith 5 only a co m pound w ith n = 4 is found, as acteristic infrared bands o f diphenylurea [29] are easily recognized, a distinction between N-and O -coordinated isom ers (Scheme II) is n ot possible.
In an a tte m p t to optim ize the synthesis o f 8 ac cording to eq. 
C obalt(I) com plexes are n ot likely to be in volved in this process, because w ith C oC l(P M e3)3 as a catalyst selectivity is tu rn ed tow ards the cyclic dimer, l,3-diphenyl-acetidine-2,4-dione [31] , according to eq. (3). Phenylisocyanate and C oC l(P M e3)3 in ether form a 1:1 adduct as a red precipitate in 80% isolated yield. The infrared spectrum o f the p ro d u ct indicates th at C oC l(P hN C O )(P M e3)3 (10) contains ^2-C ,N -phenylisocyanate. H ow ever, 10 is unlikely to be the only interm ediate in the catalytic reaction accord ing to eq. (3), because after the product (P hN C O )2 has been crystallized, a toluene solution is left con taining o th er highly soluble cobalt com plexes w hich have not been identified as yet.
Structure o f l
?72-C ,N co o rd in atio n o f an isocyanate ligand is d em o n strated for the first tim e by an X -ray crystal stru ctu re determ ination o f com plex 7. Fig. 2 gives the ato m num bering and m ain bond distances and angles.
A tetrah ed ral environm ent o f cobalt is found as in the stru ctu re o f 1. N orm al C oP bond distances (221 ± 2 pm ) and angles P -C o -P in a narrow range from 102.0(1)° to 103.4(1)° define a fairly re gular piano stool configuration which leaves am ple space for free ro tatio n o f the phenylisocyanate ligand in solution at 20 °C. In the crystal the ro ta tional position w ith respect to the P 3 triangle is fixed at a dihedral angle P 2 -C o 1 -N 1-C 10 = 8.7°, w hich is considerably sm aller th a n the o p ti m um o f 30° found in (olefin)cobalt(O) com plexes [32] or rj2-C ,0 carb o n dioxide [33] , w here angles CCO and OCO close to 120 are found, this angle in 7 ( N -C -O = 138.7(3)°) is significantly larger. The distance N -C = 1.317(4)Ä shows the expected 4% in crease through 7r-coordination, and a typical car bonyl bond is represented by C -O = 1.223(4) Ä.
T he phenyl group is tilted by an angle o f 11.3° from the C -N -C -O plane which is alm ost per pendicular to the P3 triangle.
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